The essential oils of four Goniothalamus species (G. malayanus Hook. f. and Thoms., G. uvariodes King, G. macrophyllus Hook. F. and G. andersonii J. Sinclair) were examined by capillary GC and GC-MS. The chemical components were identified by comparison of their mass spectral data with those existing in the Wiley library, their retention indices and co-chromatography of some constituents with authentic samples on two columns of different polarity. The leaf oils of G. uvariodes and G. malayanus were made up mainly of sesquiterpenoids where β-cubebene (15.2%) and β-selinene (33.6%) were the most abundant compounds, respectively. The bark oils of both species were also rich in sesquiterpenoids with eudesmols as the major compounds. The root oil of G. malayanus was qualitatively similar to its bark oil. However, the major group of compounds in the root oil of G. uvariodes was monoterpenoids where terpinen-4-ol (39.5%) and 1,8-cineole (14.0%) were the main representatives. Monoterpenoid was also the major group in the bark oil of G. macrophyllus with terpinen-4-ol, (Z)-β-ocimene, α-terpineol and 1,8-cineole present in significant amounts. The leaf oil of G. andersonii was characterized by its richness in sesquiterpenoids where guaiol (28.6%) and elemol (19.6%) were the major components. The distribution of the terpenoids in different parts of the plants may contribute to the identification of these Goniothalamus species.
INTRODUCTION
The genus Goniothalamus (Annonaceae) comprises some 115 species of aromatic trees and shrubs and are distributed throughout South and Southeast Asia and Oceania (Airy-Show, 1966) . G. uvariodes King is a small tree and endemic to Borneo (Laily et al., 1997) . As with other Goniothalamus species, the roots and leaves have been used in traditional medicine as postnatal medications (Burkill, 1966) . The roots are also used for rheumatism, headache and as an abortifacient while the bark and leaves have also found use as insect repellent by the Kedayan and Iban communities in Sarawak and the Sungai community in Sabah (Fasihuddin, pers. commun.) . G. macrophyllus Hook. F. is a bush or tree commonly found in Malaysia especially in the peninsular (Burkill, 1966) . Decoctions of the roots and leaves are used in traditional medicine to treat colds, fever, malaria, cholera and are administered after childbirth. The root has been reported to be used in attempts to procure abortion (Mat Salleh, 1989) . G. malayanus Hook. f. and Thoms. is a small tree that is found distributed from Peninsular Malaysia to the Philippine Islands (Burkill, 1966) . The roots are used to treat rheumatism, fever and as an abortifacient while the barks are used to treat measles and as an insect repellent (Mat Salleh, 1989) .
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A large number of cytotoxic compounds, notably styryl-lactone derivatives, acetogenins, aporphine alkaloids and related alkaloids have been isolated from Goniothalamus species (Blazquez et al., 1999; Goh et al., 1995; Cao et al., 1998; Alali et al., 1999; Zhang et al., 1999) . Some of these compounds have also been found to possess strong antimicrobial, larvicidal and antimalarial activities (Likhitwitayawuid et al., 1997; Ee, 1998; Khan et al., 1999). G. andersonii, G. macrophyllus, G. malayanus, and G. uvariodes showed the presence of styryl-lactone derivatives with embryotoxic and teratogenic activities (Fasihuddin, 2000) . Chemical studies on G. malayanus have also resulted in the isolation of cytotoxic acetogenins such as annonacin (Goh et al., 1995) and larvicidal sesquiterpenes and alkaloids (Ee, 1998) . Various styryl-lactone derivatives such as goniothalamin, acetylgoniothalamin, altholactone, goniotriol, goniopypyrone and alkaloids such as velutinam and aristolactam have been isolated from G. uvariodes (Fasihuddin et al., 1991) . Embryotoxic compounds namely goniothalamin and goniothalamin oxide, have been isolated from G. macrophyllus (Sam et al., 1987) . However, the nature of the essential oils of these Goniothalamus species has not been investigated. As part of a continuing survey on Goniothalamus species, we report on the chemical constituents of the essential oils of four Goniothalamus species, viz. G. malayanus, G. uvariodes, G. macrophyllus and G. andersonii.
MATERIALS AND METHODS
The fresh leaves, bark and roots of the four Goniothalamus species were collected at the following places and time: G. uvariodes and G. macrophyllus at Merapok, Lawas, Sarawak, October 2000; G. malayanus and G. andersonii at Kota Samarahan, Sarawak, September 2000. Voucher specimen was deposited at the Herbarium of University Malaysia Sarawak, Sarawak.
The plant materials were subjected to water distillation in Clevenger-type apparatus for 8 h. The oily layers obtained were separated and dried over anhydrous magnesium sulfate. The yields were averaged over three experiments and calculated based on dry weight of the plant materials.
The oils were analyzed on a Shimadzu GC 14A chromatograph equipped with a FID detector using a DB-5 capillary column (25 m x 0.25 mm, 0.25 µm film thickness). The operation parameters were: nitrogen as carrier gas at 50 cm/s, injector and detector temperatures were maintained at 250°C. The column was programmed initially at 75°C for 10 min, then 3°C/min to 210°C and held for 1 min. The oils were also examined using a DB-1 stationary phase column (25 m x 0.25 mm, 0.25 µm film thickness) programmed from 60°C for 10 min, then 3°C/min to 180°C and held for 10 min. Peak areas and retention times were measured by electronic integration. The relative amounts of individual components are based on peak areas obtained, without FID response factor correction. Temperature program linear retention indices of the compounds were also determined relative to n-alkanes.
The oils were also analyzed by GC/MS with a Hewlett-Packard GC-MSD 5890 series 2 mass spectrometer (70eV direct inlet) on a BPX5 column (30 m x 0.25 mm, 0.25 µm film thickness) with similar condition as described in GC programs. The constituents were identified by comparison of their retention indices with literature values and their mass spectral data with those from the Wiley mass spectral database, and in some cases by co-chromatography on the different columns with authentic samples (Adam, 2001; McLafferty and Staufer, 1989; Davies, 1990) .
RESULTS AND DISCUSSION
Water distillation of the fresh samples of the Goniothalamus species yielded the following percentage of essential oils (calculated based on a dry weight basis): G. uvariodes leaves (0.27%), bark (0.98%), roots ( 0.35%); G. malayanus leaves (0.32%), bark (0.96%) and roots (0.18%); G. macrophllus bark (0.8%); G. andersonii leaves (0.7%). The list of constituents identified in the oils is shown in order of elution on a DB-5 type column in Table 1 , 2 and 3. The results showed that there were remarkable 29 compositional differences between the oils.
The gas chromatogram of the leaf oil of G. malayanus revealed the presence of at least 43 components, of which 35 were identified (86.3% of the oil) ( Table 1 ). The oil was characterized by the presence of high concentration of sesquiterpenoids (> 94% of the oil). The most abundant component was β-selinene (33.6%). The other major sesquiterpenoids present in the oil were viridiflorol (13.1%), epi-globulol (7.7%), (E)-nerolidol (4.4%) and globulol (3.8%). The bark and root oils were similar to the leaf oil in that they were also rich in sesquiterpenoids (97.1 and 94.4%, respectively) although different ones were found in these oils. A comparison between the bark oil and the root oil of G. malayanus shows that they were qualitatively similar, although as one might expect there was some quantitative differences with considerable variation in levels of the individual constituents of the oils. The oils were characterized by their richness in eudesmols, where the bark oil contained a higher amount of β-eudesmol (32.2%), γ-eudesmol (21.8%) and α-eudesmol (6.6%) ( Table 1) .
Fifty one components were identified in the leaf oil of G. uvariodes (92.1% of the oil) ( Table 2 ). The oil was made up predominantly of sesquiterpenoids, constituting more than 85% of the oil. The most abundant component was β-cubebene (15.2%). The other major representatives were elemol (9.7%), epi-α-cadinol (6.2%), α-muurolene (4.8%), viridiflorol (4.8%), trans-β-guaiene (4.3%), cis-calamenene (4.0%) and guaiol (3.9%). Twenty-eight components were identified in the bark oil of G. uvariodes (87.2% of the oil). The bark oil was similar to the leaf oil in that it was predominantly made up of sesquiterpenoids (more than 99%). The oil was characterized by its richness in eudesmols where β-eudesmol, γ-eudesmol and α-eudesmol constituted 31.5% , 16.0% and 5.6% of the oil, respectively. Of the other 23 compounds identified in the oil only hedycaryol (13.6%), (Z)-nerolidol (5.2%) and guaiol (2.5%) were present in appreciable amounts. It is interesting to note that the bark oil of G. uvariodes showed some compositional similarities with the bark and root oils of G. malayanus.
The root oil of G. uvariodes and the bark oil of G. macrophyllus were made up mainly of monoterpenoids, constituting 69.6% and 94.9% of the oil, respectively (Table 2 and 3). Terpinen-4-ol (39.5-42.7%) was the most abundant component in both oils. 1,8-Cineole (14.0%), α-terpineol (6.3%), p-cymene (5.1%) and linalool (3.1%) were the other major constituents in the oil of G. uvariodes while the other main constituents of G. macrophyllus were (Z)-β-ocimene (25.4%), α-terpineol (10.0%), 1,8-cineole (5.8%), linalool (3.9%) and geraniol (1.9%). Thirteen sesquiterpenoids were identified in the oil of G. uvariodes, constituting 11.4% of the oil where (Z)-nerolidol (3.1%), cyperene (1.7%) and β-eudesmol (1.0%) were the major representatives (Table 3) .
Twentyfive compounds were identified in the leaf oil of G. andersonii, representing 88.3% of the oil (Table 3 ). The oil was characterized by its richness in sesquiterpenoids where guaiol (28.6%) and elemol (19.6%) were the major components. Other major components of the oil were β-caryophyllene (7.7%), (Z)-nerolidol (3.7%), α-pinene (3.6%), cyperene (3.3%) and eremophilene (2.9%).
CONCLUSION
The discernibly different chemical composition of the essential oils of the four Goniothalamus species represents a very valuable taxonomic character. As a result it might be possible to use the essential oils as taxonomic marker for species characterization of hybrid differentiation. This is especially useful as an aid in solving problems of scientific plant classification of Goniothalamus species. The distribution of the sesquiterpene and monoterpene hydrocarbons and their oxygenated derivatives could be used as differentiating parameters for the various species. However, it must always be kept in mind the existence of intraspecific chemical differences (chemical races) when making use of chemical characters in plant taxonomy. Percentages were obtained by peak-area normalization on column BP-5, all relative response factors being taken as one; retention index of compounds on the DB-1 was also determined; RI = retention index; t = trace; tentative identification for all compounds, except for Co; RI = retention index; MS = mass fragmentation; Co = co-chromatography with authentic sample 
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